noninduced culture. Ribonucleic acid (RNA) synthesis was not affected by MC indulction. UV induction caused RNA synthesis to occtir in two stages: in the first stage, the rate of RNA synthesis was one-third that observed in the noninduced culture and lasted for a period of 15 min; the second stage of RNA synthesis then proceeded at a ate identical to that in the noninduced culture. The synthesis of deoxyribonucleic acid (DNA) in an IC-or UV-induced cultuire occtirred in two stages. In the first stage, DNA synthesis in induced cultitres occulrred at a rate of one-half (MIC) and one-third (BJ) of that observed in the nonindticed culture. The first stage of DNA synthesis in MIC-oIr UY'-induced cultures lasted for 25 to 30 min and 15 to 20 min, respectively. In the second stage, the rate of DNA synthesis in 1\IC-or BTV-induced cultures occllrred at a rate three times that of the noninduced cutlture. IBY indtuction appeared to have a greater inhibitory effect than MC induiction on protein, IINA, and I)NA synthesis as well as phage yield. The differential rate (K) of indticible and constitutive a-amtl1ylase synthesis was inhibited by 75 and 100%c, respectively, for a period of 20 min after MIC indtuction.
After 20 min, the K valtues for a-amylase synthesis were identical to those obtained in the absence of MIC iniduiction. The svnthesis of TP-1 phage D)NA occurred rapidly and was complete 25 min after 1\IC induction, whereas bacterial DNA was degraded or its rate of synthesis was decreased. D)uring the second stage of DNA synthesis, only bacterial D)NA was synthesized, butt at a rate greater than that found in the noninduced culture.
In a previous paper (Welker and Campbell, 1965) , it was shown that an obligately thermophilic strain of Bacillus stearothermophilus carried a temperate bacteriophage Measursement of cellular ribonucleic acid (RIAA), DNA, and pr(otein. Amounts of 5 ml of TYF-log cells of B. stearothertuophilus 1503-4R (TP-1) were used to inoculate each of three 500 ml flasks containing 100 ml of TYF medium (Welker and Campbell, 1965) . The flasks were shaken at 55 C on a rotary shaker. Samples (5 ml) were removed from the cultures indtuced with mitomycin C (MC; 0.05,ug/ml) or ultraviolet (UAV) light (General Electric germicidal lamp at a distance of 50 cm for 5 min) and from noninduced cultures at the times indicated, and were placed in conical centrifuge tubes; the cells were removed by centrifugation. The pellet was suspended in 5 ml of cold (4 C) 5% trichloroacetic acid and placed in an ice bath for 4 hr. The precipitate was removed by centrifugation, washed once with 2 ml of 0.5 N HC104, and suspended in 5 ml of 05. N HC104. The tubes, containing the suspended cells, were heated at 90 C in a water bath for 20 min, cooled to ambient room temperature, and centrifuged at 3,000 X g for 15 min. The supernatant fluids were decanted and utsed for the determination of RNA (D)ische, 1955) and DNA (Burton, 1956) . The pellets were dissolved in 0.1 ml of 1 N NaOH and brought to 10 ml with distilled water; protein was determined by the procedure of Lowry et al. (1951) . Salmon sperm DNA, yeast RNA, and bovine serum albumin (Mann Research Laboratories, New York, N.Y.) were used as standards.
Induction and assay of a-antylase. The preparation of pure maltose, induction of a-amylase in cultures growing in MCHF medium, and the assay of a-amylase activity were described by Welker and Campbell (1963a, b) . a-Amylase formation was quantitated by measuring the differential rate of synthesis (K) of enzyme where the increase in enzyme (E) is directly proportional to the increase in cell mass (A = absorbancy). The rate is expressed as follows: AE/AA = K.
Isolation of DNA from MC-induced and noninduiced cuiltures of B. stearothermophiluis. One 500-ml flask containing 100 ml of TYF medium was inoculated with cells from an overnight Trypticase agar plate and placed on a rotary shaker for 2.5 hr at 55 C. Amounts of 5 ml of this cultture were used to inoculate each of ten 500-ml flasks containing 100 ml of TYF medium plus 40 m,uc of thymidine-2_C14 (New England Nuclear Corp., Boston, Mass.). The flasks were placed on a rotary shaker for 1 hr at 55 C, and then M\C (0.05 ,ug/ml) was added to five of the flasks. At the indicated times, an induced and a noninduced culture were removed from the shaker, cells were removed by centrifugation, and the pellets were frozen (-20 C) until used.
DNA was isolated from the cells by use of a modification of the procedure of 'Marmur (1961 SSueoka (1961) .
RESULTS AND DISCUSSION
Mlicroscopic examination of mitomycin C-induced and non-induced cultures. Samples from induced and noninduced cultures were removed as indicated in Fig. 1 (A to H) . Photomicrographs of these samples are shown in Fig. 2 . Induced cultures continued to grow at an unaltered rate (Fig. 1) , resulting in a 2.5-fold increase in cell number. The continued growth of induced lysogenic cultures was termed "residual growth" by Lwoff, Siminovitch, and Kjeldgaard (1950) . Residual growth occurs in other lysogenic species of bacteria (see review by Lwoff, 1953) , but at growth rates lower than those observed in noninduced cultures. In B. megaterium 899 (1), residual growth is a result of an increase in cell mass by elongation and not cell division (Delaporte and Siminovitch, 1952) . Microscopic examination of a noninduced culture of B. stearothermophilus in the early logarithmic phase of growth ( Fig. 2A ) and in the early stationary phase of growth ( Fig. 2H) shows cells in active cell division and of relatively uniform density. Cells from induced cultures were observed to elongate and contain areas of lesser density ( Fig. 2C to E) prior to lysis. Cell lysis ( Fig. 2F and G) is caused by the removal of the cell wall by a phage lytic enzyme, a study of which will be reported separately. In many instances, lysis occurred after the cells were immobilized on the agar film ( Fig.  2F and G) . Cells from UV-induced cultures also undergo these same changes before lysis.
Effect of phage induction on cellular protein, DNA, and RNA synthesis. The effect of phage induction on cellular protein, RNA, and DNA synthesis is shown in Fig. 3 (Fig. 3) . Inhibition of cellular protein synthesis was not observed when cell mass was determined by the turbidimetric method (Fig. 1) . RNA synthesis was not affected by induction with MC (Fig. 4) . These results are similar to those reported by Siminovitch and Rapkine (1952) ultraviolet light (General Electric germicidal lamp at a distance of 50 cm for 6 min) was carried out as indicated by the arrow. Samples (5 ml) were removed at the indicated times, and the cells were removed by centrifugation. The pellets were suspended in 5 ml of cold 5%lo trichloroacetic acid and left in an ice bath for 4 hr. The precipitate was removed by centrifugation, washed once with 2 ml of 0.5 Nv HCl04, and suspended in 5 ml of 0.5 N HCl04. The tubes, containing the suspended cells, were heated at 90 C in a water bath for 20 min, cooled to ambient room temperature, and centrifuged. The supernatant fluids were decanted and used for the determination of ribonucleic acid and deoxyribonucleic acid, and the pellets were assayed for protein. The ing the first stage, net DNA synthesis was completely inhibited for a period of 30 min, followed by the second stage where DNA synthesis proceeded at a rate greater (1.2 to 1.4 times) than that observed in the noninduced culture.
UV induction appears to have a greater inhibitory effect on cellular protein, RNA, and DNA synthesis as well as on phage yield [MC induction, 6 X 104 plaque-forming units (PFU)/ml; UV induction, 4 X 104 PFU/ml] than does MC induction. In all subsequent studies, MC was used as the inducing agent.
Effect of phage induction on the synthesis of an extracellular a-amylase. Welker and Campbell (1963a) showed that this strain of B. stearothermophilus produces an extracellular a-amylase during the logarithmic phase of growth, and that it is partially constitutive with respect to a-amylase synthesis (Welker and Campbell, 1963b) . The effect of MC on the constitutive and inducible differential rate (K) of a-amylase synthesis is shown in Fig. 6 . The inducible and constitutive K values are inhibited by 75 and 100%, respectively, for a period of 20 min after MC treatment, followed by K values identical to those in cultures not treated with MC. Table 2 shows that the decreased synthesis of inducible and constitutive a-amylase lasts for a period of 20 min. This time period corresponds to that observed for phage DNA synthesis and the inhibition of host DNA synthesis (see Fig. 5 and 8 ). If pure maltose is added at the same time the culture is treated with MC, the inducible K value is not attained until after a 20-min period of 100% inhibition in a-amylase synthesis. If pure maltose is added 25 min after MC treatment, the inducible K value is immediately attained. The constitutive K value is inhibited (100%) for a period of 20 min, irrespective of the time of MC addition. These results show that a-amylase synthesis is inhibited for a period of 20 min after MC addition.
Chromatographic fractionation of DNA on MAK columns. The difference in guanine plus cytosine (G + C) composition between B. stearothermophilus DNA (50%,) and TP-1 phage DNA (42%) shown previously (Welker and Campbell, 1965) makes it possible to separate these two DNA preparations on MIAK columns. Figure 7 shows an elution diagram from a MAK column of a partially purified DNA sample obtained from a culture induced with mitomycin C (MIC) for 40 min. Buoyant density measurements on the DNA fractions eluted from the column were determined, and the results are shown in Table 3 along with buoyant densities of purified bacterial and phage DNA fractionated on MAK columns. Bacterial and phage DNA elute from the MAK column with 0.6 and 0.65 M NaCl, respectively. The material eluting with 0.4 M NaCl contained RNA, protein, and DNA of low molecular weight. This finding is similar to that reported by MIandell and Hershey (1960) Sueoka and Cheng (1962) showed that denatured E. coli DNA elutes at a higher NaCl concentration than does native DNA. When the DNA fractions were rechromatographed on MAK columns, they eluted at the position corresponding to that from which they were taken. The recovery of partially purified DNA (radioactivity, counts per Chromatographicfractionation of partially purified deoxyribonucleic acid obtained from a mitomycin C-induced culture of Bacillus stearothermophilus 1503-4R (TP-1). Partially purified DNA was prepared, as described in the text, from cultures grown in a TYF medium at 55 C and induced with mitomycin C for 40 min. The MAK column was loaded with 0.5 mg of partially purified DNA. Fractionation was accomplished by use of a four-step elution procedure with increasing molarities of NaCl (0.4, 0.6, 0.65, and 1.25 M) in 0.05 M sodium phosphate buffer (pH 6.7). The fractionation was carried out at ambient room temperature. The effluent was collected in 5-ml fractions, and the radioactivity of each fraction was measured with a Nuclear-Chicago end-window gas-flow Gieger counter. t Purified bacterial and phage DNA were prepared as described by Welker and Campbell (1965) and fractionated on M\IAK columns as described in the text. minute) from MAK columns in all experiments was 65 to 76%, with 5 to 10% and 25 to 36% eluting with 0.4 and 1.25 M NaCl, respectively. The per cent recovery of DNA was not affected by the amount of material placed on the column as long as the capacity of the column (0.8 mg of DNA per 10 ml of MAK) was not exceeded.
The amount of bacterial and phage DNA in the 1.25 M NaCl eluate was estimated from the area within the relevant band of the microdensitometer tracing made from the UV-absorption photograph. The quantity of denatured bacterial and phage DNA was found to vary in proportion to the total amount of each type of DNA in the sample.
Purified bacterial and phage DNA, when fractionated on MAK columns, elute with 0.6 and 0.65 M NaCl, respectively, with 100% recovery of the starting material. Of the total bacterial and phage DNA, 10 and 45%, respectively, elute with 1.25 M NaCl. Purified bacterial DNA, when prepared by the procedure described for the preparation of purified phage DNA (phenol extraction), contains a 40% fraction that elutes with 1.25 M NaCl. These results indicate that denaturation of DNA is a result of the use of phenol in the extraction procedure.
The input DNA which could not be recovered from the MAK columns (24 to 35%) is assumed to consist of both denatured bacterial and phage DNA in ratios identical to those observed in the 1.25 M NaCl eluate. The synthesis of bacterial and phage DNA was followed after M\IC induction, and the incorporation of radioactivity into each type of DNA is shown in Fig. 8 . The synthesis of phage DNA occurs rapidly during the first stage and is complete within 25 min after 'MC induction, whereas bacterial DNA is either degraded or its rate of synthesis is decreased. In the second stage, only bacterial DNA is synthesized. In support of this is the finding that the synthesis of mature phage is complete 30 min after induction. In the noninduced culture, the synthesis of phage DNA (1 phage per 2.8 X 101 cells) occurs at a low rate and has no effect on the synthesis of bacterial DNA.
The induction of phage TP-1 results in the inhibition of net synthesis of host DNA. Bacterial DNA synthesis does not resume until phage DNA synthesis is complete (25 min after MIC induction). Siminovitch and Rapkine (1952) implied that during the first stage of DNA synthesis (no net increase in DNA) in an induced lysogenic culture of B. megaterium, the host D)NA is being continuously degraded and that the synthesis of phage DNA compensates for this loss. In the second stage of DNA synthesis, however, these authors suggest that the observed increase in DNA is a result of bacteriophage multiplication. In induced cultures of B. stearothernmophilus, the increase in the rate of synthesis of DNA during the second stage is due to bacterial DNA synthesis and not to phage DNA synthesis. We are unable to say at this time why bacterial DNA synthesis resumes at a rate greater than that observed in the noninduced culture.
